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A physical fitness profile of state highway
patrol officers by gender and age
J. Jay Dawes1,2, Robin M. Orr2*, Richard R. Flores1, Robert G. Lockie3, Charlie Kornhauser4 and Ryan Holmes4
Abstract
Background: Law enforcement officers perform physically demanding tasks that generally remain constant as they
age. However, there is limited population-specific research on age, gender and normative fitness values for law
enforcement officers as opposed to those of the general population. The purpose of this study was to profile the
current level of fitness for highway patrol officers based on age and gender and provide percentile ranking charts
unique to this population.
Methods: Retrospective data for six-hundred and thirty-one state troopers (♂ = 597; mean age = 39.52 ± 8.09 yrs;
mean height = 180.72 ± 7.06 cm; mean weight = 93.66 ± 15.72 kg: ♀ = 34; mean age = 36.20 ± 8.45 years; mean
height = 169.62 ± 6.65 cm; mean weight = 74.02 ± 14.91 kg) collected in 2014–2015 were provided for analysis. Data
included demographic (age), anthropometric (height and weight), and select fitness (VJ, push-ups, sit ups, isometric
leg/back strength, isometric grip strength and 20 m shuttle run test) information.
Results: There were generally significant differences between genders for all anthropometric and fitness measures,
most consistently in the 30–39 age groups. While there was a general decline in push-up and shuttle run
performance in female officers, these results did not reach significance. For male officers, there were significant
differences between the 20–29 year-old age group and the 30–39, 40–49 and 50–59 year-old groups with the
younger group performing better in VJ, push-ups, sit ups and number of shuttle runs than the older groups. There
were no differences in isometric grip strength and leg back dynamometer measures between age groups.
Conclusion: Male officers tended to be heavier, taller and perform significantly better than female officers in all
measures bar sit-ups. While there appeared to be a general decline in certain physical characteristics across genders
with increasing age the notable differences were between the youngest male age group (20–29 years) and all
other male age groups with a potential reason being the lack of fitness requirements once typically younger cadets
leave the academy. Percentile rankings for the assessed measures were found to have elements very specific to this
population when compared to the general population and those provided in this paper can be used to inform
future profiling and research in this population.
Keywords: Police, Law enforcement, Occupational fitness
Background
Law enforcement officers (LEOs) can be called upon, at
a moment’s notice, at any hour of the day to serve the
citizens they have sworn to protect [1]. Provision of this
service can see LEOs perform physically and mentally
demanding tasks in an occupation that is often spent in
a sedentary position punctuated with bursts of physical
exertion [1, 2]. These demanding tasks may include, but
are not limited to, pursuing and apprehending a suspect,
forcing entry during a search warrant, close encounter
hand-to-hand combat, lifting heavy objects, and maneu-
vering quickly on foot to a situation [1]. As such, per-
formance of these tasks require the officer to possess an
adequate base of cardiorespiratory and muscular fitness
in order to perform these duties in an effective manner
[3]. In addition to these abrupt physical exertions, LEOs
can spend a good portion of their work shifts sitting in a
patrol car or at a desk completing reports [1]. The com-
bination of this sedentary behavior, and potential for the
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associated negative impact on physical fitness, coupled
with near maximal exertions may increase ones risk for
injury, morbidity, and mortality. It is therefore not sur-
prising that LEOs have been found to be twice as likely
to suffer from cardiovascular disease as the general
population [4]. Therefore, the need to attain and main-
tain physical fitness is imperative to an officer’s overall
health and ability to perform job-tasks safely and effect-
ively throughout their career [1]. Furthermore, it is sug-
gested that LEOs need to be more physically fit than the
general population [5].
Spitler et al. [3] measured and evaluated oxygen up-
take, body composition, and muscular strength, endur-
ance and power for 12 police officers. The researchers
discovered that the officers displayed average to above
average rankings in health and physical fitness when
compared to age and gender based norms in their re-
spective age groups [3]. While the small sample size in
this study limits inferences to the larger law enforcement
population, this work is supported by other research [6, 7].
For example, a study by Dawes et al. [7] observed that
LEOs generally maintained their push-up ability as they
aged, notably increasing their capability above that of the
general population age comparative norms. In this study
increases in percentage of body fat, which increased with
age, was the most strongly negatively correlated (r = -.540,
p < .001) factor for push-up performance decline as op-
posed to age alone (p = .330). There is however conflicting
research. Sorensen et al. [1] found that Finnish LEOs de-
creased significantly decreased in push-up ability over a
15-year period (mean difference -3.4, p < .001) as well as
VO2max, pull up and sit up performance. Furthermore,
Sorensen et al. [1] suggested that high levels of stress and a
lack of physical fitness in LEOs may lead to a decline in
health and fitness over the course of their career.
Acknowledging these conflicting findings, it is impera-
tive to appreciate that as an officer ages the physical de-
mands of patrolling and performing essential job tasks
generally remain constant. As such, regardless of age,
maintenance of fitness is critical to ensure safety for the
officer, their teammates, and the public [8, 9]. On this
basis, minimal research has examined the physical and
physiological characteristics of police officers with a
large enough sample size to establish normative, or ref-
erence, data within this population.
Establishing population-specific normative values will
allow for the comparison of LEO officers to the general
population and may also provide greater insight into
population-related differences in fitness. Furthermore,
through establishing normative values, greater insight for
developing strength and conditioning programs to im-
prove, or maintain, fitness over the course of an officer’s
career can be gained. Therefore, the purpose of this inves-
tigation was to profile the current level of fitness for
highway patrol officers based on age and gender and pro-
vide percentile ranking charts unique to this population.
Methods
Retrospective data for six-hundred and thirty-one state
troopers (♂ = 597; mean age = 39.52 ± 8.09 years; mean
height = 180.72 ± 7.06 cm; mean weight = 93.66 ± 15.72 kg:
♀ = 34; mean age = 36.20 ± 8.45 years; mean height =
169.62 ± 6.65 cm; mean weight = 74.02 ± 14.91 kg) were
provided for analysis. This data were collected in 2014–
2015 as part of the agencies normal yearly fitness assess-
ment. Prior to the analysis, approval for the use of the data
was obtained from the University of Colorado Colorado
Springs Institutional Review Board (IRB 15-074) for
human subjects and the Bond University Human Research
Ethics Committee (RO 1927).
This data included demographic (age) and anthropo-
metric (height and weight) information as well as select
fitness measures (VJ, push-ups, sit ups, isometric leg/back
strength, isometric grip strength and 20 m shuttle run
test), and was collected by the state patrol training staff.
Age, height and weight
Age (yrs), height (in) and weight (lbs) measurements for
incumbents were self-reported by the state troopers. All
imperial measures were subsequently converted to metric
values for analysis.
Vertical jump
Vertical jump (VJ) height provides an indirect measure
of lower-body power [10], and thus features in many
testing batteries for LEOs [2, 11–15]. VJ height was mea-
sured using a Just Jump (ProBotics Inc, Huntsville, Al)
electrical contact operated system. The Just Jump Mat is
a 27-in. x 27-in. mat that calculates VJ height by measur-
ing vertical displacement time. Vertical jump height for
this device was calculated by measuring the amount of
time the feet are not in contact with the mat. All troopers
were instructed to step on the mat, and when ready per-
form a countermovement arm swing and jump as high as
possible. This score was used to determine the VJ height
of each trooper. The best of 3 attempts were taken and
maximal jump height was recorded to the nearest 0.5 in.
before being converted into metric units.
1-Minute push-ups
The 1-min push-up test is commonly completed by law
enforcement officers and provides a measure of endur-
ance for the upper-body muscles [11–14, 16]. This test
also provides an indication of relative strength and the
ability to move the body weight [17, 18]. In this test, all
troopers had been required to begin the test in the
standard “up” position with the body rigid and straight,
the hands positioned slightly wider than shoulder-width
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apart and the fingers pointed forward. A partner then
placed a fist on the floor directly under the individual’s
chest. On the “go” command, the tester began the stop-
watch and the participant would bend their elbows, lower-
ing themselves until their chest was in contact with their
partner’s fist and then extend the elbows until back in the
“up” position. The troopers then proceeded to perform as
many push-ups as possible in the time allotted using this
technique. Troopers were allowed to rest in the straight-
arm position, as long a neutral trunk position was
maintained. The test was terminated when a trooper was
unable to perform this movement with proper technique,
or when the one-minute time limit expired.
1-Minute sit-ups
All troopers were required to begin the assessment lying
in a supine position, with the knees bent, feet flat on the
ground and the arms positioned in front of the body
with arms wrapped across the chest and each hand on
the opposite shoulder. Once in position the participant
will flex the trunk, elevating the shoulders off the floor
until the elbows touch the knees. During this assessment
each trooper had a partner anchor their feet in place to
assist in keeping the feet flat on the floor throughout the
exercise movement. On the “go” command, the tester
began the stopwatch and the participant began the as-
sessment. The troopers then proceeded to perform as
many sit-ups as possible in 1-min using this technique.
Isometric leg/back strength
Although potentially not as precise an isometric mid-
thigh pull on a force plate, the leg/back chain dynamom-
eter does provide the advantage of being less expensive,
more efficient, and easily transportable, and still capable
of providing quantitative data [19]. This assessment has
been used as a measure of strength in athletic popula-
tions [20]. Considering this, isometric a leg/back chain
dynamometer (Medico Inc., Phoenix, Az.) was used to
measure the strength of the legs and lower back. The
chain, which connects the scale on one end and a handle
on the other, was adjusted so that the trooper’s knees
were bent at approximately 110°. While maintaining
good spinal posture, straight arms and feet flat on the
base of the dynamometer, the troopers pulled the handle
upward as hard as possible by extending through the
hips and knees. This dynamometer was calibrated within
.05 kg using an industrial portable digital hanging scale
prior to use. Troopers were allowed a single trial and
their score to the nearest pound was recorded.
Grip strength
Dominant hand grip strength was measured using a
handgrip dynamometer (Takei Scientific Instruments,
Japan). The dynamometer was adjusted so that the base
of the first metacarpal and the middle four fingers were in
contact with the handle. Troopers were then instructed
to squeeze the handle as hard as possible. One attempt
was allowed and the sore was recorded to the nearest
kilogram.
20 Meter Multi-Stage Fitness Test (20 m-MSFT)
Troopers were required to run back and forth between
two lines marked on the ground spaced exactly 20 me-
ters apart. The speed of running for this test is standard-
ized by pre-recorded auditory cues (beeps). The initial
speed for the test is set at 8.5 km/h and increases by
0.5 km/h with each additional stage. This test is scored
according to the final stage and shuttle (e.g. Stage 5.5)
the participant is able to achieve before being unable to
run at the speed required. The test was terminated when
the participant was unable to reach the next line twice
in a row in accordance with the auditory cues. Final
scores by stage and shuttle were converted for total
number of shuttles completed.
Data management and statistical analysis
The retrospective data were divided into five separate
age groups in order to compare trooper fitness scores on
push-ups, sit-ups, grip strength and aerobic fitness to
age and gender norms in the general population. These
groups consisted of 1: 20–29 years. (n = 89); Group 2:
30–39 years. (n = 218); Group 3: 40–49 years. (n = 226);
Group 4: 50–59 years. (n = 57); and Group 5: 60–69
(n = 5). The data were analyzed both by gender, to identify
any gender specific differences, but also as pooled data to
investigate absolute age based requirements regardless of
gender. Using the SPSS 23.0 software package, a descrip-
tive statistical analysis was conducted to determine mean
fitness scores for the entire sample with independent
samples t-tests used to compare results by gender and by
gender within each age grouping. Additionally, a one-way
analysis of variance (ANOVA), with pairwise comparisons
was used to compare mean differences in fitness scores
between age categories within gender. If a significant dif-
ference between groups was found within the ANOVA, a
Bonferroni post hoc adjustment was used to determine
where the significance lay. The level of significance was
set at p ≤ 0.01 to control for family-wise error. In addition,
SPSS was used to create percentile charts for future com-
parison. Due to the small size of Group 5, the data from
this group were excluded from statistical analysis and pro-
vided for future reference only.
Results
Not all officers performed every fitness test due to individ-
ual injury status and willingness to participate. Descriptive
data and all fitness tests for the entire sample and by
gender are displayed in Table 1. As there were only 5
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participants in Group 5 (male only) their data were re-
moved for inferential analysis. While there were no signifi-
cant differences between gender groups in age (p = 0.021)
or sit up repetitions (p = 0.064), there were significant
differences across all other measures (Table 1). When
considered by age groups there were significant differ-
ences between genders with some exceptions. In the old-
est group, 50–59 year olds, there were no significant
differences between genders while in the 20–29 year and
40–49-year age groups there were no significant differ-
ences in sit up performance (p = 0.425 and p = 0.775 re-
spectively), and shuttle run performance (p = 0.11 and
p = 0.113 respectively). In addition, no significant differ-
ences between genders were noted in VO2 between the
40–49-year-old age group (p = 0.79). Of note, the only age
group where there were significant differences between
genders for all measures were the 30–39-year-old age
group) (See Table 2).
When comparing each gender by their own age group
(Table 2) there were no significant differences between
anthropometric or performance results for any of the
female age groups. While some general trends towards a
reduction in performance did appear, for example a gen-
eral reduction in push-up and shuttle run performance,
these declines in performance did not reach significance.
It should also be noted that female grip strength did
approach the stringent level significance required for
this study (p = 0.042) with the older group (Group 5:
50–59 years, n = 38) increasing in strength. However
significant differences did exist across all age groups in VJ
(p < 0.001), push-up (p < 0.001), sit up (p < 0.001), shuttle
run (p < 0.001) and VO2 (p < 0.001) results for male offi-
cers. In addition, while significant differences did exist in
weight among male officers (p < 0.001) the Bonferroni
post hoc assessment identified that the differences in
weight existed only between the 20–29-year-old group
and both the 40–49-year-old (p < 0.001) and 50–59-year-
old (p = 0.006) groups.
Given the lower number of female participants, espe-
cially when stratified across age groups, percentile rank-
ing charts were constructed for only male police officers.
The percentile ranking charts VJ (see Table 3), grip
strength (see Table 4), push-ups (see Table 5), sit-ups
(See Table 6), leg back dynamometer (see Table 7) and
number of shuttles (See Table 8) are shown below.
Discussion
The purpose of this investigation was to profile the
current level of fitness for highway patrol officers based
on age and gender and provide percentile ranking charts
unique to this population. With regards to the between-
gender comparisons, it was discovered that, on average,
male officers, were heavier, taller and displayed greater
lower limb power, dominant hand grip strength, upper
limb muscular endurance and metabolic fitness than
female officers. No significant differences were found
between genders in trunk muscular endurance except
between the 30–39-year age groups. For the age analysis,
there was a general decline in mean performance be-
tween male officer age groups in weight, VJ, push-ups,
sit ups and number of shuttles completed. However,
these differences were generally only significant between
those between 20–29 years of age and age groups ran-
ging from 30 to 59 years of age. In contrast to this, the
performance of the female officers did not vary signifi-
cantly across the different age range groups.
When investigating the results by gender there were
significant differences in height and body weight between
male and female police officers, which is to be expected
given previous research investigating gender differences in
height and body weight [21]. Given that males tend to
have greater skeletal muscle mass [21] and that greater
muscle mass is a major factor in gender-related differences
in strength [22, 23], the differences in strength (leg/back
dynamometer, grip strength), strength endurance (push-
ups) and strength influenced movements (e.g. leg power
for VJ) observed between the genders in this study are not
unexpected. This is reflected in the significant differences
between genders in the performance tests measured in
this study, including the VJ, leg/back dynamometer, max-
imum push-ups in 1-min, and grip strength. With the one
exception of the 30–39-year-old age group, there were no
significant differences between the genders in the sit-up
test. This result was not surprising given that some
research investigating trunk flexion strength-endurance
differences between genders failed to find significant
differences when assessing two different trunk flexion
Table 1 Descriptive data and fitness test results by gender
Measure Female officers Male officers
Age (yrs)
♀ = 34 ♂ = 597
36.21 ± 8.45 39.52 ± 8.09
Weight (kg)
♀ = 31 ♂ = 587
67.49 ± 25.62 91.99 ± 19.54a
Height (cm)
♀ = 33 ♂ = 588
164.65 ± 29.82 177.98 ± 23.13a
Vertical Jump (cm.)
♀ = 33 ♂ = 588
36.80 ± 5.69 50.74 ± 8.89a
Leg/Back Dynomometer
(kgk ♀ = 33 ♂ = 592
116.53 ± 20.85 170.68 ± 37.46a
Grip (Kg)
♀ = 32 ♂ = 589
37.875 ± 5.34 55.04 ± 7.77a
Push-ups (repetitions)
♀ = 29 ♂ = 582
24.24 ± 11.63 39.09 ± 15.61a
Sit-ups (repetitions)
♀ = 33 ♂ = 583
31.06 ± 9.52 34.46 ± 10.29
Shuttles (number)
♀ = 31 ♂ = 550
26.19 ± 10.86 38.04 ± 19.87a
aSignificantly different from female officers at ≤ .001
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Table 2 Descriptive data and fitness test results by gender stratified by age
Age Measure Group population Female officers Male officers
20–29
Group 1
Weight (kg)
n = 89: ♀ = 6: ♂ = 83
83.82 ± 16.38 69.55 ± 15.69* 84.85 ± 16.03
Height (cm)
n = 89: ♀ = 6: ♂ = 83
179.14 ± 7.78 167.64 ± 7.18* 179.97 ± 7.17
Vertical Jump (cm.)
n = 88: ♀ = 6: ♂ = 82
57.25 ± 9.68 40.46 ± 8.13* 58.47 ± 8.79
Grip (kg)
n = 87: ♀ = 6: ♂ = 81
53.53 ± 8.49 37.67 ± 5.57* 54.67 ± 7.47
Push-ups (repetitions)
n = 88: ♀ = 6: ♂ = 82
46.52 ± 15.07 30.50 ± 9.95* 47.70 ± 14.74
Sit-ups (repetitions)
n = 89: ♀ = 6: ♂ = 83
40.98 ± 8.35 38.33 ± 10.56 41.17 ± 8.22
Leg/Back Dynomometer (kg)
n = 89: ♀ = 6: ♂ = 83
169.50 ± 42.27 109.85 ± 26.69* 173.81 ± 39.94
Shuttles (number)
n = 86: ♀ = 6: ♂ = 80
54.07 ± 21.00 33.33 ± 6.41 55.63 ± 20.90
30–39
Group 2
Weight (kg)
n = 218: ♀ = 16: ♂ = 202
89.32 ± 19.73 63.50 ± 28.87* 91.37 ± 17.35
Height (cm)
n = 218: ♀ = 16: ♂ = 202
177.83 ± 22.46 159.23 ± 43.07* 179.30 ± 19.40
Vertical Jump (cm)
n = 215: ♀ = 16: ♂ = 199
51.49 ± 9.02 36.00 ± 5.82* 52.73 ± 8.03†
Grip (kg)
n = 214: ♀ = 15: ♂ = 199
54.65 ± 9.40 37.20 ± 4.51* 55.97 ± 8.30
Push-ups (repetitions)
n = 213: ♀ = 15: ♂ = 198
39.44 ± 15.44 25.13 ± 13.05* 40.52 ± 14.96†
Sit-ups (repetitions)
n = 212: ♀ = 16: ♂ = 196
36.04 ± 9.93 28.81 ± 10.51* 36.63 ± 9.67†
Leg/Back Dynomometer (kg)
n = 201: ♀ = 16: ♂ = 200
166.56 ± 38.86 113.35 ± 12.22* 170.81 ± 37.08
Shuttles (number)
n = 201: ♀ = 15: ♂ = 186
40.98 ± 19.84 25.93 ± 12.57* 42.19 ± 19.85†
40–49
Group 3
Weight (kg)
n = 262: ♀ = 10: ♂ = 252
94.34 ± 20.51 69.13 ± 27.64* 95.34 ± 19.59†
Height (cm)
n = 262: ♀ = 10: ♂ = 252
176.02 ± 27.88 170.18 ± 5.35* 176.25 ± 28.38
Vertical Jump (cm.
n = 258: ♀ = 9: ♂ = 249
47.80 ± 7.70 34.95 ± 5.13* 48.29 ± 7.37†
Grip (kg)
n = 259: ♀ = 9: ♂ = 250
54.46 ± 8.01 36.89 ± 5.06* 55.09 ± 7.36
Push-ups (repetitions)
n = 252: ♀ = 6: ♂ = 246
36.22 ± 15.53 16.83 ± 3.66* 36.70 ± 15.41†
Sit-ups (repetitions)
n = 256: ♀ = 9: ♂ = 247
31.70 ± 9.82 30.78 ± 5.83 31.73 ± 9.94†
Leg/Back Dynomometer (kg)
n = 258: ♀ = 9: ♂ = 249
168.94 ± 38.53 118.43 ± 24.28* 170.76 ± 37.73
Shuttles (number)
n = 237: ♀ = 8: ♂ = 229
31.01 ± 15.43 22.50 ± 10.30 31.31 ± 15.52†
50–59
Group 4
Weight (kg)
n = 57: ♀ = 2: ♂ = 55
89.76 ± 27.35 85.05 ± 11.23 89.94 ± 27.79†
Height (cm)
n = 57: ♀ = 2: ♂ = 55
178.20 ± 25.06 171.45 ± 8.98 178.45 ± 25.46
Vertical Jump (cm)
n = 56: ♀ = 2: ♂ = 54
43.66 ± 8.18 40.51 ± 10.59 43.79 ± 8.18†
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exercises [24]. In this study, relatively smaller female sam-
ple sizes may have been a notable factor in the differences
in findings. Male officers also reported significantly higher
MSFT results and a higher predicted VO2 max when
compared to the female officers. These results was
again expected as males tend to display greater aer-
obic power and work efficiency when compared to fe-
males [25], both of which would positively contribute
to MSFT performance.
These gender difference findings are epitomized by
fitness requirements of tactical populations that are
normalized for gender. For example, in the Australian
Army, males are required to complete a higher number
of push-up repetitions and complete an aerobic run of
2.4 km in a faster time [26]. Conversely, there are no dif-
ferences in sit up requirements between genders [26].
When considering the impact of age on performance,
it is known that body weight has a tendency to increase
with advancing age in the general population [27]. In
this study, there appeared to be a similar trend in male
officers with body weight increasing with age. However,
these increases in body weight with age were only sig-
nificant in two cases, being the 40–49 and 50–59 year
groups being heavier than the 20–29-year group. When
comparing mean ages of other research samples in law
enforcement, the demographic profiles in this study were
similar. For example, in research conducted with male
police academy cadets mean ages of 23.7 years [28],
24.6 years [29], and 27.4 years [12] mean weights were
reported as being 82.1 kg [28], 82.4 kg [29], and 85.4 kg
[12] respectively with the mean male weight in this study
for the 20–29 year old age group being 84.85 kg. Like-
wise, in research including incumbent officers, demo-
graphic samples included mean ages of 37.0 year [30],
37.1 year [29], and 37.9 years [31] with a mean mass of
88.7 kg [31], 90.2 kg [30], 94.6 kg [29], respectively com-
pared to a mean weight of 91.4 kg in the 30–39 year age
category in this study. Furthermore, research including
specialist police (e.g. Special Weapons and Tactics
[SWAT] team) mean ages were 33.3 years [32], 34.7 years
[33] and 36.5 years [2] with mean body weights of
89.2 kg [32], 91.5 kg [33] and 93.3 kg [2]; again com-
parative with the findings of this study.
However, it should be noted that in these aforemen-
tioned comparative studies, age was not stratified. In the
only other known study of LEOs that included body
weight by age stratification, no significant differences
in weight across the age groups was found (20–
29 years = 87.9 ± 12.86 kg: 30–39 years = 91.27 ± 14.56 kg:
40–49 = 93.15 ± 15.26 kg: 50–59 years = 88.26 ± 11.09 kg)
with the body weights by age stratification being similar to
those of this study [7]. Furthermore, in this study by
Table 2 Descriptive data and fitness test results by gender stratified by age (Continued)
Grip (kg)
n = 54: ♀ = 2: ♂ = 52
52.11 ± 7.68 48.00 ± 4.24 52.27 ± 7.76
Push-ups (repetitions)
n = 54: ♀ = 2: ♂ = 52
31.15 ± 14.42 21.00 ± 15.56 31.54 ± 14.39†
Sit-ups (repetitions)
n = 55: ♀ = 2: ♂ = 53
29.62 ± 9.58 28.50 ± 2.12 29.66 ± 9.76†
Leg/Back Dynomometer (kg)
n = 57: ♀ = 2: ♂ = 55
164.79 ± 34.84 153.41 ± 14.46 165.21 ± 35.36
Shuttles (number)
n = 52: ♀ = 2: ♂ = 50
26.54 ± 13.00 21.50 ± 4.95 26.74 ± 13.20†
60–69
Group 5
Weight (kg)
n = 5: ♀ = 0: ♂ = 5
89.36 ± 11.06 - 89.36 ± 11.06
Height (cm)
n = 5: ♀ = 0: ♂ = 5
173.23 ± 6.57 - 173.23 ± 6.57
Vertical Jump (cm.)
n = 4: ♀ = 0: ♂ = 4
40.34 ± 4.39 - 40.34 ± 4.39
Grip (kg)
n = 5: ♀ = 0: ♂ = 5
50.20 ± 3.27 - 50.20 ± 3.27
Push-ups (repetitions)
n = 5: ♀ = 0: ♂ = 5
39.20 ± 12.68 - 39.20 ± 12.68
Sit-ups (repetitions)
n = 5: ♀ = 0: ♂ = 5
25.40 ± 11.89 - 25.40 ± 11.89
Leg/Back Dynomometer (kg)
n = 5: ♀ = 0: ♂ = 5
169.55 ± 20.62 - 169.55 ± 20.62
Shuttles (number)
n = 5: ♀ = 0: ♂ = 5
23.40 ± 7.16 - 23.40 ± 7.16
*Significantly different from male officers at ≤ .01, †Significantly different from 20–29 years old, p < .01
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Dawes et al. [7], there was no significant association be-
tween body weight and age (r = .046, p = .296). One poten-
tial reason for the differences in findings between the
study by Dawes et al., and this study is the larger standard
deviation in body weights reported across all age categor-
ies in this study. As such, while body weight may generally
increase with age it may not necessarily be by a significant
amount in a law enforcement population.
In this study, there was a general decrease in VJ height
across age for both genders, although this decrease was
only significant in the 20–29-year-old male group. A de-
crease in VJ height with increasing age is noted in the lit-
erature. As an example, in one study Korhonen et al. [34]
found that sprint-trained older men performed more
poorly in the VJ when compared to younger sprinters
(18–33 year group: 52.5 ± 1.62 cm; 40–49 year group:
42.0 ± 0.97 cm; 50–59 year group: 33.1 ± 0.89 cm). A re-
duction in VJ ability, and hence power, can be linked to
the reductions in Type II muscle fiber size, muscle force
output, and rate of force development that can occur with
aging [34, 35]. Considering this, the results of VJ perform-
ance in this study mirror the results associated with body
weight and aging whereby the significant difference oc-
curred only with the youngest group (20–29 years). A po-
tential reason for this similarity can be the association
between body weight and VJ performance. While percent-
age of body fat, lean muscle mass and fat mass were not
determined in this study, a study by Dawes et al. [36] did
find a strong and significant correlation between these
composition measures and VJ performance (-.566, .391,
and − .369 respectively). Based on these findings, Dawes et
al. [36] recommended that increasing lean body mass and
decreasing body fat could both positively influence VJ per-
formance. For the female officer population there did ap-
pear to be a general decline in VJ performance as age
increased, but there were no significant differences. A
potential reason for this lack of difference with aging
lies in research suggesting that older females may be
able to maintain stretch-shortening function better than
men [35], a physiological function which could benefit VJ
performance.
For the push-up assessment, similar results were found
whereby the 30–39, 40–49, and 50–59 year groups for
the males all performed significantly fewer repetitions
than the 20–29-year group. These results contrast the
findings of Dawes et al. [7], who found that 1-min push-
up performance did not vary with age in male LEOs.
However, this may have occurred because the 30–39,
40–49, and 50–59 year groups from this study
Table 4 Percentile ranking of male police officer grip strength
ability (kg)
Age group
(n)
20–29
(n = 83)
30–39
(n = 199)
40–49
(n = 250)
50–59
(n = 52)
Mean (SD) 54.67 (7.47) 55.97 (8.30) 55.09 (7.36) 52.27 (7.76)
Percentile
95 66.92 69.58 67.16 65.00
90 64.23 66.59 64.51 62.20
85 62.44 64.60 62.74 60.34
80 60.94 62.94 61.27 58.79
75 59.67 61.53 60.02 57.47
70 58.55 60.29 58.92 56.31
65 57.58 59.21 57.96 55.30
60 56.54 58.05 56.93 54.21
55 55.64 57.05 56.05 53.28
50 54.67 55.97 55.09 52.27
45 53.70 54.89 54.13 51.26
40 52.80 53.90 53.25 50.33
35 51.76 52.73 52.22 49.24
30 50.79 51.65 51.26 48.23
25 49.67 50.41 50.16 47.07
20 48.40 49.00 48.91 45.75
15 46.90 47.34 47.44 44.20
10 45.11 45.35 45.67 42.34
5 42.42 42.36 43.02 39.54
Table 3 Percentile ranking of male police officer VJ ability (cm)
Age group
(n)
20–29
(n = 82)
30–39
(n = 202)
40–49
(n = 247)
50–59
(n = 54)
Mean (SD) 58.47 (8.79) 52.73 (8.03) 48.29 (7.37) 43.79 (8.18)
Percentile
95 72.89 65.90 60.38 57.21
90 69.72 63.01 57.72 54.26
85 67.61 61.08 55.95 52.30
80 65.85 59.48 54.48 50.66
75 64.36 58.11 53.23 49.27
70 63.04 56.91 52.12 48.04
65 61.90 55.86 51.16 46.98
60 60.67 54.74 50.13 45.84
55 59.61 53.77 49.25 44.85
50 58.47 52.73 48.29 43.79
45 57.33 51.69 47.33 42.73
40 56.27 50.72 46.45 41.75
35 55.04 49.60 45.42 40.60
30 53.90 48.55 44.46 39.54
25 52.58 47.35 43.35 38.31
20 51.09 45.98 42.10 36.92
15 49.33 44.38 40.63 35.28
10 47.22 42.45 38.86 33.32
5 44.05 39.56 36.20 30.37
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performed fewer repetitions than the corresponding age
groups in the study by Dawes et al. [7] (30–39 years:
44.65 ± 15.57 repetitions; 40–49 years: 43.92 ± 15.74
repetitions; 50–59 years: 43.71 ± 15.09 repetitions) while
the 20–29 year old group performed more repetitions
than those in the study by Dawes et al. [7] (44.48 ± 15.47
repetitions). Although not reaching significance, there was
a general decline in the female LEOs groups with increas-
ing age. Given this strong trend a lack of significance
may have been due to the small sample size of female
LEOs across the stratified age groups. This same trend
was evident in the sit-up results. For male LEOs there was
a trend towards fewer sit-up repetitions across the age
group with significant differences only observed between
the 20–29-year-old group and all other groups. Likewise,
there were no significant differences in sit ups between fe-
male officer age groups with a leveling of performance
over the age of 30 year.
When considering the aerobic capacity of the male of-
ficers, as measured by the MSFT, the 30–39, 40–49, and
50–59 year groups performed significantly poorer than
the 20–29-year group. As for several of the other tests,
there was a general decline in the MSFT performance
and VO2 max for the females, without any significant
interactions. On the surface, these results appear to be
indicative of the age-related declines that occur in car-
diorespiratory function [37]. There could potentially,
however, be other limiting factors in the endurance run-
ning performance of older LEOs. Anecdotally, many of
the older LEOs noted that a limiting factor in the MSFT
was not their aerobic fitness, but rather previous injury or
joint stress (e.g. knee pain) that caused cessation of the
test. Increased body mass and occupations that involve
heavy lifting (such as law enforcement work) can lead to
joint degeneration and osteoarthritis later in life [38]. This
factor could limit the value of using estimated VO2 from
this assessment as a measure in this population.
In this study, performance in the isometric strength
tests (isometric leg/back pull and grip strength) was simi-
lar across all age groups for the male and female officers.
As isometric strength can have a tendency to decrease
with age [39], it is notable that LEOs appear to be able to
maintain this capacity across the different age ranges. Al-
though the requirement for LEOs to have a measure of
isometric strength to perform occupation-specific tasks
(e.g, including pushing, pulling, dragging, carrying, grap-
pling, defensive tactics, etc [13, 40] may provide a reason
for the maintenance of this type of strength, confirmation
Table 5 Percentile ranking of male police officer push-up ability
(repetitions)
Age group
(n)
20–29
(n = 82)
30–39
(n = 198)
40–49
(n = 246)
50–59
(n = 52)
Mean (SD) 47.70 (14.74) 40.52 (14.96) 36.70 (15.41) 31.54 (14.39)
Percentile
95 71.81 65.05 61.97 55.14
90 66.52 59.67 56.42 49.96
85 62.99 56.08 52.73 46.51
80 60.05 53.09 49.64 43.63
75 57.55 50.54 47.02 41.18
70 55.34 48.30 44.71 39.02
65 53.43 46.35 42.71 37.15
60 51.38 44.26 40.55 35.14
55 49.61 42.46 38.70 33.41
50 47.70 40.52 36.70 31.54
45 45.79 38.58 34.70 29.67
40 44.03 36.78 32.85 27.94
35 41.97 34.69 30.69 25.93
30 40.06 32.74 28.69 24.06
25 37.85 30.50 26.38 21.90
20 35.35 27.95 23.76 19.45
15 32.41 24.96 20.67 16.57
10 28.88 21.37 16.98 13.12
5 23.59 15.99 11.43 7.94
Table 6 Percentile ranking of male police officer sit up ability
(repetitions)
Age group
(n)
20–29
(n = 83)
30–39
(n = 196)
40–49
(n = 247)
50–59
(n = 53)
Mean (SD) 41.17 (8.22) 36.63 (9.67) 31.73 (9.94) 29.66 (9.76)
Percentile
95 54.65 52.49 48.03 45.67
90 51.69 49.01 44.45 42.15
85 49.72 46.69 42.07 39.81
80 48.07 44.75 40.08 37.86
75 46.68 43.11 38.39 36.20
70 45.44 41.66 36.90 34.74
65 44.38 40.40 35.61 33.47
60 43.23 39.05 34.22 32.10
55 42.24 37.89 33.02 30.93
50 41.17 36.63 31.73 29.66
45 40.10 35.37 30.44 28.39
40 39.12 34.21 29.25 27.22
35 37.96 32.86 27.85 25.85
30 36.90 31.60 26.56 24.58
25 35.66 30.15 25.07 23.12
20 34.27 28.51 23.38 21.46
15 32.62 26.57 21.39 19.51
10 30.65 24.25 19.01 17.17
5 27.69 20.77 15.43 13.65
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of these findings and reasons for this isometric strength
maintenance require further investigation.
To inform future research as well as provide an in-
terim profile of law enforcement officers, one aim of this
research was to provide percentile ranking charts unique
to this population. The importance of developing a law
enforcement specific profile is clearly identified when
the percentile ranking results of this law enforcement
population are compared to the percentile rankings of
the general population [41]. For example, in the push-up
assessment the law enforcement 15th percentile ranking
(see Table 5) is equivocal to that of the 50th percentile for
the normative populations being: Group 20–29 = 33 repe-
titions, Group 30–39 = 27 repetitions; Group 40–49 = 21
repetitions and Group 50–59 = 15 repetitions. On this
basis, using normative percentile data to guide condition-
ing and reconditioning of law enforcement may be notably
underestimating law enforcement fitness. Consider an in-
jured 35-year-old police officer undergoing reconditioning
for return-to-work who can complete 27 push-ups. While
this would stand the officer on the 50th percentile of the
general population, this officer would only be at a level
just below the 20th percentile of his specific population.
Conversely, there were very little differences between the
general population in sit-up performance with the 50th
percentile for the general population generally being in
the 45th–50th percentile of police officers. For VJ jump
results were in-between with the 50th percentile for the
general male population ranking from 15th Percentile
(40–49 year old and 50–59 year old groups) to the 35th
percentile (30–39 year old group) of male police officers.
There were certain limitations for this research that
should be noted. Only select physiological characteristics
were analyzed in this research: lower-body power, iso-
metric grip of the dominant hand and back/leg strength,
upper-body and abdominal strength endurance, and aer-
obic fitness. It would be of benefit to further analyze the
influence of age on other capacities, such as maximal
upper- and lower-body strength measured via repetition-
maximum tests (e.g. bench press and squat), sprinting
speed, and flexibility. This study was cross-sectional in de-
sign, and future studies employing a longitudinal approach
would be of benefit to better inform impacts of aging
on a LEO population. Although typical of LEO and
police research [11, 12, 5], there were a limited num-
ber of female officers in this sample and as such additional
Table 7 Percentile ranking of male police officer leg back
dynamometer ability (kg)
Age group
(n)
20–29
(n = 83)
30–39
(n = 200)
40–49
(n = 247)
50–59
(n = 55)
Mean (SD) 173.81 (39.94) 170.81 (37.08) 170.76 (37.73) 165.21 (35.36)
Percentile
95 239.31 231.62 232.64 223.20
90 224.93 218.27 219.05 210.47
85 215.35 209.37 210.00 201.98
80 207.36 201.96 202.45 194.91
75 200.57 195.65 196.04 188.90
70 194.58 190.09 190.38 183.60
65 189.39 185.27 185.47 179.00
60 183.80 180.08 180.19 174.05
55 179.00 175.63 175.66 169.81
50 173.81 170.81 170.76 165.21
45 168.62 165.99 165.86 160.61
40 163.83 161.54 161.33 156.37
35 158.23 156.35 156.05 151.42
30 153.04 151.53 151.14 146.82
25 147.05 145.97 145.48 141.52
20 140.26 139.66 139.07 135.51
15 132.27 132.25 131.52 128.44
10 122.69 123.35 122.47 119.95
5 108.31 110.00 108.88 107.22
Table 8 Percentile ranking of male police shuttle run ability
(number of shuttles)
Age group
(n)
20–29
(n = 80)
30–39
(n = 194)
40–49
(n = 229)
50–59
(n = 50)
Mean (SD) 55.63 (20.90) 42.19 (19.85) 31.31 (15.52) 26.74 (13.20)
Percentile
95 89.91 74.74 56.76 48.39
90 82.38 67.60 51.18 43.64
85 77.37 62.83 47.45 40.47
80 73.19 58.86 44.35 37.83
75 69.63 55.49 41.71 35.58
70 66.50 52.51 39.38 33.60
65 63.78 49.93 37.36 31.89
60 60.86 47.15 35.19 30.04
55 58.35 44.77 33.33 28.46
50 55.63 42.19 31.31 26.74
45 52.91 39.61 29.29 25.02
40 50.41 37.23 27.43 23.44
35 47.48 34.45 25.26 21.59
30 44.76 31.87 23.24 19.88
25 41.63 28.89 20.91 17.90
20 38.07 25.52 18.27 15.65
15 33.89 21.55 15.17 13.01
10 28.88 16.78 11.44 9.84
5 21.35 9.64 5.86 5.09
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research studies or larger cohorts are needed to support
the finding presented in this study.
Conclusion
The findings of this study suggest that, on average, male
LEOs tended to be heavier, taller and displayed greater
lower limb power, dominant hand grip strength, upper
limb muscular endurance and metabolic fitness than fe-
male officers with no consistent differences in trunk
muscular endurance. Furthermore, across both genders it
appears that certain physical characteristics may decline
with age in LEOs. This included lower-body power, upper-
body strength endurance, and aerobic capacity as measured
by the MSFT. Based on these findings, and within the con-
text of the limitations, an initial profile of male and female
LEOs across different age ranges: 20–29, 30–39, 40–49,
50–59, and 60–69 years of age was established.
Percentile rankings, which were found to have elements
very specific to this population when compared to the
general population, were provided based on the data, in-
cluding VJ, hand grip strength, number of push-ups and
sit-ups completed in 1-min; leg/back chain dynamometer;
and number of MSFT shuttles. These population specific
percentile rankings can be used to inform expectations of
performance above those generated for the general popu-
lation in an LEO population.
Abbreviations
ANOVA: Analysis of Variance; cm: Centimetres; in: Inches; kg: Kilograms;
lbs: Pounds; LEO: Law Enforcement Officer; MSFT: Multi-Stage Fitness Test;
SPSS: Statistical Package for the Social Sciences; VJ: Vertical Jump;
VO2: Volume of Oxygen consumed; yrs: Years
Acknowledgements
N/A.
Funding
No funding was received for this research.
Availability of data and materials
As the data is drawn from a law enforcement population, the data and
materials will only be made available upon specific request made to the
corresponding author who will seek approval from both the law
enforcement agency and the Bond University Human Research Ethics
Committee prior to the provision of any data.
Authors’ contributions
JD: Developed the research plan, sought ethics approval (US), collated the data,
assisted in the analysis and manuscript preparation. RO: Obtained ethics approval
(Australia), assisted in, and finalized, the statistical analysis and interpretation of
the data and edited the manuscript. RF: Collated the data, analysed the results
and drafted the paper. RL: Assisted in the drafting and final preparation of the
manuscript. CK & RH: Assisted in the collection and preparation of the data,
reviewed the manuscript and obtained departmental approvals for the study
and release of information. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Ethics approval for this study, employing retrospective non-identifiable data, was
provided the University of Colorado: Colorado Springs Institutional Review Board
(IRB 15-074) for human subjects and the Bond University Human Research Ethics
Committee (RO 1927). Gatekeeper approval for use of third party data
was provided by the law enforcement organization where this study took place
as part of the ethics committee approval process. As this data were retrospective
and non-identifiable, it met the pre-requisites for a waiver of participant consent
as there were no means through which the participants could be identified and
consent gained.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1Department of Health Sciences, University of Colorado Colorado Springs,
1420 Austin Bluffs Pkwy, Colorado Springs, CO 80918, USA. 2Tactical Research
Unit, Bond University, Robina, Gold Coast 4226, QLD, Australia. 3Department
of Kinesiology, Cal State Fullerton University, 800 N. State College Blvd.,
Fullerton, CA 92834, USA. 4Colorado State Highway Patrol, Training Academy,
700 Kipling Street, Lakewood, CO 80215, USA.
Received: 31 March 2017 Accepted: 24 May 2017
References
1. Sörensen L, Smolander J, Louhevaara V, Korhonen O, Oja P. Physical activity,
fitness and body composition of Finnish police officers: a 15-year follow-up
study. Occup Med. 2000;50(1):3–10.
2. Dawes JJ, Orr RM, Elder CL, Krall K, Stierli M, Schilling B. Relationship
between selected measures of power and strength and linear running
speed amongst Special Weapons and Tactics police officers. J Australian
Strength Cond. 2015;23(3):23–8.
3. Spitler D, Jones G, Hawkins J, Dudka L. Body composition and physiological
characteristics of law enforcement officers. Br J Sports Med. 1987;21(4):154–7.
4. Ramey SL, Downing NR, Knoblauch A. Developing strategic interventions to
reduce cardiovascular disease risk among law enforcement officers: the art
and science of data triangulation. Workplace Health & Safety. 2008;56(2):54–62.
5. Rossomanno CI, Herrick JE, Kirk SM, Kirk EP. A 6-month supervised
employer-based minimal exercise program for police officers improves
fitness. J Strength Cond Res. 2012;26(9):2338–44.
6. Boyce RW, Jones GR, Schendt KE, Lloyd CL, Boone EL. Longitudinal changes
in strength of police officers with gender comparisons. J Strength Cond Res.
2009;23(8):2411–8.
7. Dawes J, Orr RB, Conroy R, Pope R. The Effect of Age on Push-up
Performance amongst Male Law Enforcement Officers. Australian Strength
and Conditioning Journal. 2016;24(4):23–7.
8. Rhea MR. Needs Analysis and Program Design for Police Officers. Strength &
Conditioning Journal. 2015;37(4):30–4.
9. Plat MJ, Frings-Dresen MHW, Sluiter JK. A systematic review of job-specific
workers’ health surveillance activities for fire-fighting, ambulance, police and
military personnel. Int Arch Occup Environ Health. 2011;84(8):839–57.
10. Lockie RG, Murphy AJ, Knight TJ, Janse de Jonge XAK. Factors that
differentiate acceleration ability in field sport athletes. J Strength Cond Res.
2011;25(10):2704–14.
11. Crawley AA, Sherman RA, Crawley WR, Cosio-Lima LM. Physical fitness of
police academy cadets: Baseline characteristics and changes during a 16-week
academy. J Strength Cond Res. 2016;30(5):1416–24.
12. Cocke C, Dawes J, Orr RM. The use of 2 conditioning programs and the fitness
characteristics of police academy cadets. J Athl Train. 2016;51(11):887–96.
13. Dawes JJ, Orr RM, Siekaniec CL, Vanderwoude AA, Pope R: Associations
between anthropometric characteristics and physical performance in male
law enforcement officers: A retrospective cohort study. Ann Occup Environ
Med. 2016;28(26): doi:10.1186/s40557-40016-40112-40555.
14. Beck AQ, Clasey JL, Yates JW, Koebke NC, Palmer TG, Abel MG. Relationship
of physical fitness measures vs. occupational physical ability in campus law
enforcement officers. J Strength Cond Res. 2015;29(8):2340–50.
15. Pryor RR, Colburn D, Crill MT, Hostler DP, Suyama J. Fitness characteristics of
a suburban Special Weapons and Tactics team. J Strength Cond Res. 2012;
26(3):752–7.
Dawes et al. Annals of Occupational and Environmental Medicine  (2017) 29:16 Page 10 of 11
16. Lockie RG, Dawes JJ, Kornhauser CL and Holmes RJ. A Cross-Sectional and
Retrospective Cohort Analysis of the Effects of Age on Flexibility, Strength
Endurance, Lower-Body Power, and Aerobic Fitness in Law Enforcement
Officers. The Journal of Strength & Conditioning Research. 2017. doi:10.
1519/JSC.0000000000001937.
17. Mozumdar A, Liguori G, Baumgartner TA. Additional revised push-up test
norms for college students. Measurement in Physical Education & Exercise
Science. 2010;14(1):61–6.
18. Lockie RG, Callaghan SJ, Jordan CA, Luczo TM, Jeffriess MD. Does the trunk
stability push-up provide an effective measure of upper-body function
specific to male team sport athletes? Journal of Athletic Enhancement.
2013;2(4):doi:10.4172/2324-9080.1000120.
19. Andrews AW, Thomas MW, Bohannon RW. Normative values for isometric
muscle force measurements obtained with hand-held dynamometers. Phys
Ther. 1996;76(3):248–59.
20. Manna I, Khanna GL, Dhara PC. Effect of training on anthropometric,
physiological and biochemical variables of U-19 volleyball players. J Hum
Sport Exer. 2012;7(1):12.
21. Janssen I, Heymsfield SB, Wang Z, Ross R. Skeletal muscle mass and distribution
in 468 men and women aged 18–88 yr. J Appl Physiol. 2000;89(1):81–8.
22. Frontera WR, Hughes VA, Lutz KJ, Evans WJ: A cross-sectional study of
muscle strength and mass in 45- to 78-yr-old men and women. J Appl
Physiol (Bethesda, Md : 1985) 1991, 71(2):644-650.
23. Miller AEJ, MacDougall JD, Tarnopolsky MA, Sale DG. Gender differences in
strength and muscle fiber characteristics. Eur J Appl Physiol Occup Physiol.
1993;66(3):254–62.
24. Evans K, Refshauge KM, Adams R. Trunk muscle endurance tests: reliability,
and gender differences in athletes. J Sci Med Sport. 2007;10(6):447–55.
25. Pate RR, Kriska A. Physiological basis of the sex difference in
cardiorespiratory endurance. Sports Med (Auckland, NZ) 1984, 1(2):87-98.
26. Tofari PJ, Laing Treloar AK, Silk AJ. A Quantification of the Physiological
Demands of the Army Emergency Responder in the Australian Army. Mil
Med. 2013;178(5):487–94.
27. Williamson DF. Descriptive epidemiology of body weight and weight
change in U.S. adults. Ann Intern Med. 1993;119(7 Pt 2):646–9.
28. Lagestad P, Van den Tillaar R. A Comparison of Training and Physical
Performance of Police Students at the Start and the End of Three-Year
Police Education. J Strength Cond Res. 2014;28(5):1394–400.
29. Boyce R, Jones G, Llyod C, Boone E. A Longitudinal Observation of Police:
Body Composition Changes Over 12 Years with Gender and Race
Comparisons. Journal of Exercise Physiology Online. 2008;11(6):1–13.
30. Dempsey PC, Handcock PJ, Rehrer NJ. Impact of police body armour and
equipment on mobility. Appl Ergon. 2013;44:957–61.
31. McGill S, Frost D, Lam T, Finlay T, Darby K, Cannon J. Can fitness and
movement quality prevent back injury in elite task force police officers?
A 5-year longitudinal study. Ergonomics. 2015;58(10):1682–9.
32. Carlton SD, Carbone PD, Stierli M, Orr RM. The Impact of Occupational Load
Carriage on the Mobility of the Tactical Police Officer. J Australian Strength
Cond. 2014;22(1):32–7.
33. Keeler JM. The Effect of Tactical Tasks and Gear on Muscle Activation of
SWAT Officers. Theses and Dissertations– Kinesiology and Health Promotion
Doctoral Thesis, University of Kentucky; Kentucky: USA 2014.
34. Korhonen MT, Cristea A, Alén M, Häkkinen K, Sipilä S, Mero A, Viitasalo JT,
Larsson L, Suominen H. Aging, muscle fiber type, and contractile function in
sprint-trained athletes. J Appl Physiol. 2006;101(3):906–17.
35. Lindle RS, Metter EJ, Lynch NA, Fleg JL, Fozard JL, Tobin J, Roy TA, Hurley
BF. Age and gender comparisons of muscle strength in 654 women and
men aged 20–93 yr. J Appl Physiol. 1997;83(5):1581–7.
36. Dawes JJ, Orr RM, Siekaniec CL, Vanderwoude AA, Pope R. Associations
between anthropometric characteristics and physical performance in male
law enforcement officers: a retrospective cohort study. Annals of
Occupational and Environmental Medicine. 2016;28(1):1.
37. Jackson AS, Sui X, Hébert JR, Church TS, Blair SN. Role of lifestyle and aging
on the longitudinal change in cardiorespiratory fitness. Arch Intern Med.
2009;169(19):1781–7.
38. Lau EC, Cooper C, Lam D, Chan VN, Tsang KK, Sham A. Factors
associated with osteoarthritis of the hip and knee in Hong Kong Chinese:
obesity, joint injury, and occupational activities. Am J Epidemiol. 2000;
152(9):855–62.
39. Danneskiold-Samsoe B, Bartels EM, Bulow PM, Lund H, Stockmarr A, Holm
CC, Watjen I, Appleyard M, Bliddal H. Isokinetic and isometric muscle
strength in a healthy population with special reference to age and gender.
Acta physiologica (Oxford, England) 2009, 197(Suppl 673):1-68.
40. Orr R, Stierli M, Hinton B, Steele M. Grip strength is associated with marksmanship
and defensive tactics, but not injuries, in police recruits. Presentation at the
Australian Physiotherapy Association Conference: New Moves. Melbourne:
Australia 17 - 20 October 2013: Conference proceedings pg. 133.
41. Cooper Institute: Physical Fitness Assessments and Norms Booklet. TX:USA:
Cooper Institute,; 2009.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Dawes et al. Annals of Occupational and Environmental Medicine  (2017) 29:16 Page 11 of 11
